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Abstract. The Reedy River, located in the piedmont
of South Carolina, is a stream receiving effluent from
two wastewater treatment facilities (WWTP) serving the
greater metropolitan area of Greenville, SC. The work
presented here details sample collections during a normal
flow condition and a low flow condition. Endocrine
disrupting chemicals (EDCs) and non-steroidal antiinflammatory drugs (NSAIDs) can result in negative
effects on aquatic populations at very low concentrations
(ng/l, pg/l) in surface waters.
Variability in
pharmaceuticals and personal care products (PPCPs)
under low flow situations has been poorly studied.
Sample enrichment was accomplished with solid phase
extraction and the samples were analyzed using liquid
chromatography – tandem mass spectrometry. Analytes
of interest are caffeine, diphenhydramine, ibuprofen,
naproxen, triclosan, estrone, 17β-estradiol, and 17αethynylestradiol. The results indicate significantly higher
concentrations of all analytes, with the exception of
estrone, during low flow conditions. In addition, caffeine
and diphenhydramine were found in the Reedy at
locations upstream of the two WWTP outfalls. Generally
decreasing analyte concentrations on a downstream
gradient from the WWTP inputs to the stream suggest
some removal mechanisms, which may include sorption
and degradation.

INTRODUCTION
Pharmaceuticals and personal care products (PPCPs)
in surface waters have become an increasing concern
over the last several years. Production and use of these
products is among our society’s greatest assets, however
their fate and transport and toxicological action in aquatic
systems are only now beginning to be understood.
(Cahill, Furlong et al. 2004) The presence of PPCPs in
aquatic systems is usually driven by the excretion of
metabolized or non-metabolized products into septic or
sewage systems, followed by their discharge as seepage
or wastewater. (Cahill, Furlong et al. 2004) The impact
of PCPPs in conjunction with drought conditions has

been poorly studied, and may not just be a function of
dilution.
The Reedy River is a piedmont stream originating
approximately 15 km northwest of the city of Greenville,
SC and flowing 105 km south-southeast until it
converges with the Saluda River in Laurens County. It
has two major wastewater treatment outfalls considered
to be the major sources of PCPPs in the system – the
Mauldin Road Wastewater Treatment Plant (MRWWTP)
and the Lower Reedy Wastewater Treatment Plant
(LRWWTP), both located south of the metropolitan area
of Greenville.
Laboratory studies have shown that PCPPs may have
negative effects at low concentrations, and suggest that
these negative effects may be present in complex stream
environments. For example, 17α-ethynylestradiol (EE2)
has been shown to impact sex ratios, cause intersex, and
alter the reproductive behaviors of fish at concentrations
below 1 ng/L. (Hinck, Blazer et al. 2009) These studies
also suggest that populations can be negatively affected
by a relatively small amount of EE2 in the water column.
Diphenhydramine (DPH) at low levels has been
suggested to alter brain chemistry and reduce the
organism’s ability to respond to stimuli (affects to
feeding, reproduction, predator/prey interactions)
(Marchese, Perret et al. 2003).
Quantitation of polar organic compounds in complex
matrices is at best problematic, however several
researchers have used isotope dilution as a means to
compensate for matrix effects. It is generally considered
to be the most versatile approach, however its use in the
past has been limited in scope. It has also been
characterized as being cost intensive and subject to the
availability of the isotopes (Vanderford and Snyder
2006). This method is used to determine PCPPs in this
study.
Professionals across the state can use this research in
dealing with the recent drought impacting a large portion
of South Carolina and surrounding states. This data can
also be used in conjunction with other monitoring data to
try to assess the impact of WWTP effluent.

OBJECTIVES
The project objectives are outlined below.
1. To determine concentrations of caffeine,
diphenhydramine,
ibuprofen,
naproxen,
triclosan, estrone, 17β-estradiol, and 17αethynylestradiol in the Reedy River during
normal and low flow (drought) conditions
2. To compare concentrations over a downstream
gradient from the two WWTPs.

METHODS
Materials. Caffeine (CAF), diphenhydramine (DPH),
ibuprofen (IBU), naproxen (NAP), triclosan (TRI),
estrone
(E1),
17β-estradiol
(E2),
and
17αethynylestradiol (EE2) were obtained from MP
Biomedicals.
The isotopically labeled standards
caffeine-13C3,
ibuprofen-13C3,
naproxen-13C3,
triclosan-13C12, estrone-13C2, 17β-estradiol-13C2, and
17α-ethynylestradiol-13C2 were purchased from
Cambridge
Isotope
Laboratories,
Inc.
and
diphenhydramine-d5 was obtained from CDN Isotopes.
Oasis HLB cartridges were obtained from Waters
Corporation and methanol and acetonitrile were obtained
from JT Baker, Inc.
Sample Collection and Extraction. Samples were
collected in 1 L amber glass bottles (Chase Scientific
Glass, Inc.) and immediately placed on ice for transport
to the laboratory. Within 24 hours of collection the
samples were filtered using a 0.7 µm glass fiber filter
(Pall Corporation) and extracted within 3 days of
collection.
Samples were collected at 40 locations along the reach
of the Reedy River and from tributaries below the
WWTP outfalls. Samples were also collected from the
WWTP effluent on the sampling day. (Figure 1)
Analytes were extracted using Oasis HLB 60 mg
extraction cartridges.
The cartridges were preconditioned with 3 mL each of methanol and acetonitrile
followed by 3 mL of reagent water. The sample was then
loaded onto the cartridge at a flow rate of approximately
5 mL/min, after which the cartridges were rinsed with 3
mL reagent water. The cartridges were allowed to dry
for 30 minutes under vacuum. The cartridges were
eluted with 6 mL methanol into a 10 mL glass centrifuge
tube and spiked with the isotopically labeled standards.
The samples were then placed in a Centrivap vacuum
concentrator (Labconco Corp.) and evaporated to
dryness. The sample was then reconstituted in 1 mL of
10 % acetonitrile in water and transferred to an

Figure 1: Map of Reedy River with sampling
locations and WWTP discharges labeled.

autosampler vial for analysis.
Liquid Chromatography / Mass Spectrometry. A
Varian binary pump and autosampler coupled to a Varian
320 Mass Spectrometer via an electrospray interface
(ESI) was used to determine analytes of interest.
Analytes were separated using a 2.1x150 mm ZORBAX
Eclipse Plus C18 column with a 3.5 µm pore size. A
binary gradient of water (A) and acetonitrile (B) was
used at a flow rate of 0.2 mL/min. The gradient was as
follows: 10% B for 1.5 min., stepped to 100% A in 8.5
minutes and held for 13 minutes. The gradient was then
returned to 10% A and held for 7 minutes to allow the
column to re-equilibrate for the next sample. Mass
spectrometer optimization was performed using a method
published previously (Vanderford and Snyder 2006).
Optimized parameters are shown in Table 1.
Mass
spectrometry was performed in the multiple reaction ionmonitoring mode with both ESI- positive and negative
reactions.
Compound dependent MS parameters are
listed in Table 2. Method detection limits (MDL) are
sample specific and dependent on matrix (NOM)
interference. Due to limited space, MDLs for each
sample are not reported.

Table 1: LC-MS/MS Optimized Parameters
Parameter
Collision gas (mTorr)
Curtain gas (psig)
Nebulizing gas (psig)
Ion spray voltage (V)
Temperature (°C)
Entrance Potential (V)

RESULTS AND DISCUSSION

Value
1.8
18
20
(+/-) 4500
350
(+/-) 3.4

Table 2: Compound dependent LC-MS/MS Parameters
Compound
Caffeine
Caffeine ISO
Diphenhydramine
Diphenhydramine ISO
Ibuprofen
Ibuprofen ISO
Naproxen
Naproxen ISO
Estrone
Estrone ISO
17β-estradiol
17β-estradiol ISO
17α-ethynylestradiol
17α-ethynylestradiol ISO

Parent
195
198
256
259
205
280
229
233
269
271
271
273
295
297

Product
138
140
167
185
161
163
170
189
145
157
145
184
145
183

Col. Energy
+ 12.5
+ 12.5
+9
+9
-6
-6
-7
-7
- 40
- 40
- 38.5
- 38.5
- 36
- 36

Sampling during the normal flow event of 2007
yielded concentrations for the observed analytes
(diphenhydramine, EE2, caffeine, inuprofen, and
naproxen) in the 0.1-20 ng/L range. Generally these
analytes were observed post WWTP outfalls, however
caffeine and diphenhydramine were observed at sites
above the WWTP and above the general metropolitan
area of Greenville. Estrone, estradiol, and tricolosan were
not observed during this sampling event.
Concentrations observed during drought-sampling in
2008 were 2-3 times higher than those observed in the
2007 sampling. All analytes observed during the 2007
sampling event were observed. This sampling event was
marked by higher matrix suppression as measured by the
isotopically labeled standards than the 2007 event. We
theorize that the increased presence of natural organic
matter (NOM) related to the WWTPs contributed in large
part to this interference.
Tributaries sampled during both events were typically
devoid of the analytes of interest with the exception of
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Figure 2: TOP. 17α-ethynylestradiol in the Reedy River. BOTTOM. Diphenhydramine in the Reedy River. Downstream
gradient from left to right. Concentrations in ng/L.

low concentrations of diphenhydramine and ibuprofen
during the 2007 sampling event. This could be explained
by septic tank leachates as both events were during the
peak of allergy season. It should also be noted that
during the drought sampling the majority of the
tributaries were not sampled because they were dry.
The two sampling events allow us to draw conclusions
about the effects of drought on the concentration of the
selected analytes in the Reedy River. The two analytes
with enough observations over the course of the river to
allow for meaningful spatial comparisons are DPH and
EE2 (Figure 2). Diphenhydramine exhibits a sharp
increase at the MRWWTP outflow and then a general
decreasing trend afterward. DPH is present in some of
the urban sampling locations upstream of the WWTPs
indicating sources other than the WWTPs (Figure 2).
This suggests that under normal rainfall and flow
conditions there is some loading to the system from
sources other than the WWTPs. Similar results were
observed with EE2, however EE2 concentrations
remained relatively higher downstream compared to
DPH, suggesting the two compounds have differing
removal mechanisms.
Ibuprofen was observed more frequently and in higher
concentrations in the 2008 sampling event. However,
there was no discernable trend in the analysis on a
downstream gradient. Ibuprofen was also observed with
the most frequency in the tributaries to the Reedy River,
and, interestingly, the highest observed concentration (50
ng/L) was observed at the lowest downstream sampling
site (RR1).
Caffeine has been observed to be removed at 80-100
percent efficiency in WWTP systems (Buerge, et al.
2003), and is often observed in streams with no WWTP
input (Peeler, et al. 2006). Caffeine was observed
primarily in the upstream sampling sites and the
tributaries to the Reedy River. CAF was only observed
post WWTP at the lowest downstream sampling site
(RR1). It was observed most frequently during the 2007
sampling event and had its highest concentration
observed in the middle of metropolitan Greenville, prior
to the first WWTP outfall. These results appear to be in
agreement with previous work suggesting that caffeine is
a marker of untreated anthropogenic wastes in freshwater
systems.
Naproxen was detected at only three sampling sites
within the systems and in very low concentrations (~0.1
ng/L). It was detected twice during the 2007 sampling
event (RR3, RR12B – a tributary located at site 12) and
once during 2008 (RR7). This could be due to high
matrix suppression of naproxen response in the system.

CONCLUSIONS
Results indicate that in the case of EE2 and DPH
concentrations are generally higher in drought
conditions, and decreased on a downstream spatial
gradient. Other compounds of interest were found during
both events, however they were generally found in higher
concentrations during the drought-sampling event.
Results also indicate that the Reedy River is impacted by
other non-point sources upstream of the WWTPs.
Observations of caffeine were consistent with previous
studies that indicate near complete removal of CAF from
wastewater effluents, while its detection at locations
without effluent indicates other anthropogenic sources.
Interested parties should pay particular attention to
permitted discharges during drought events as the
subsequent increase in effective concentration increases
the potential for toxicological effect.
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